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(54) CONTROLLER AND CONTROL METHOD FOR ELECTRIC VEHICLE 

(57)Abstract 

PROBLEM TO BE SOLVED: To ensure a good travel control by 
estimating the magnet temperature of a synchronous machine from 
an estimated induction voltage and a temperature estimation table 
thereof and compensating for the output therefrom, depending on 
the increase of estimated magnet temperature of the synchronous 
machine. 

SOLUTION: A motor controller 5 is provided with a magnet 
temperature estimating means 232 and a magnet temperature 
compensating means 234. The magnet temperature estimating 
means 232 estimates the magnet temperature TMG from the 
relationship between a temperature estimation table 2322 and an 
induced voltage E010 estimated by an induced voltage estimating 
means 2321. The induced voltage increases as the magnet 
temperature increases, and thereby the motor voltage decreases. 
Consequently, the power factor fluctuates, and the output torque 
decreases. So, the magnet temperature compensating means 234 
estimates the magnet temperature TMG from the estimated 
induction voltage with reference to the temperature estimation table 
2322 and compensates for the d-axis current Id and the q-axis 
current Iq. In this way, the fluctuations in the output voltage of a 
synchronous machine due to the fluctuations of the magnet 
temperature TMG is compensated for through the compensation of 
current command values Id*, Iq*. 














** 








3?: 








t. ■] 







it 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application converted 

registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAAnCair6DA41 1 01 8496P1 .h... 05/1 1 /29 



(19)0*S#ff/r (JP) 02) & H 4# fj^ & ^T(A) (ll)15mHH^08#^ 

*NMH^1 1-18496 

(43)&BSB ¥JS11¥(1999) 1322B 







F I 




H 0 2 P 21/00 




HO 2 P 


5/408 C 


66 0L 3/00 




B 6 OL 


3/00 C 


9/18 






9/18 A 


15/22 




15/22 X 








*ltft »3*«OD&10 OL <± 11 H) 


<21)tfiB## 


^^¥9- 161343 




000005108 










(22)mes 


¥i£9ifK1997)6H18B 




















3c*Slftr>fc-6fe^*^ii5»2520Sttl 8c 
























^J«i&U&-6ft^Tjr^il5«2520#« *fe 








iC^Bic9l^BifS»*«8g^^rt 






(72) mim 










^«jSrU>&*ft^m^^iif«252o#«j m 














<74)f$!A 


#js± sot (*i«) 











(54) «ft*o«»4iB^<fcr«H»^ffi 



(57) mm 




-1- 
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fc, ffiriaraffl««r«g»i-5«*iEift«t, mEi^ffl«o 

dtt*8HB*fc qtt««»«4r*£1-3*aE»**3i* 
«i, iifiEd, q«MflE»«^ttenM««>*KttU« 
**2:KdqWIE»*tt«r£j£U MIMMWtff 

wat- s pwmbwm fc 

J: o -c** SffnEIQJHttOffSWE fc 

d, q*»matO*«E»«*r*|jE-*-Swi: -J-5MI 
l E*4>tt«XoM«HB*. 

tte«^&SNi^ftii. oe«t:ERfi«£EfcmEfi««t 

891B«5«aS««^»tt, tt&ff&.ftj££ttfc I dtttt 
w fc £4** fc #* 2|E^O 

^atflfflEI qiSf-^Hi, BHERIffl«ottJ*« 
❖ fcffiEflW&fiJtStt&AAfc It, iiuEmjEdqfdi 

Z fc Sr«F»i:1-5W*3S 3E«co«ft*oM»K«. 
fc, ttEPI««*rKll1-<5m***»i:, «rEEHH«© 

d q*«a»**»fei-5««»*»±* 
at. fjEd, qHvxft^tnEnnwovsKttufl: 

o -c zmmEEm^mz seol-t z d q Mmssffiiai^a fc . 
BuE^^mJEm^M^^ e>s»E«*ae»*o^i7 & 



(2) WBB^Pl 1 - 1 8 4 9 6 

«rERIJB«o»fi«Efc*t«i-S»fi«ff*t**»i:. 

«fc o TR* SMEmttftaRfittfiE fc 

JtSRfiWffit^Etaftfli^^-^/ut^fcSiEmjB* 

70 fc, «uEl^ffl«Srffi»i-<b«ASeijl«fc, 89EWJH*<0 

d^mmm^t qtt«»s^fc*£i-*«a»^*£^ 
at, mEd. q$*«atJi^fcfluEi^^«omsft^£aii 

Srfcfcfcd qtt»JE»*««r£jau aflMEMAStrf? 
o-C29E««£E»*««r&«i-S d q«««cW»^afc* 

»tti-Slt*fcffl*^5PWMIW«l^afc 
*ofH»»«fc*5V*T* B9EWUa«o»fiWESrit3ti- 
5«fiWE*«*afc, *^8t^tt»l-J:o-C*** 
IWEWM«o»fi«Efc«aflE(Z>H**r**.5a*«l«y 

2^ -y/ufc, WErajwaojiSRfifiEEfcHSEaatfis^ 

-^/ufc^fe«tEIBJH«0*5ta«*:«*1-SK^a* 

*«^afc, ttss^itenjuMioai^aK^x^v' 
rttEiwjw«o*^«5o««fe»m-rs»**i^a 
fc. 8aE*^»5o««^jcD-cg9Em«aioa^sr« 

£ fc fr«ttfci-*ttftX0ft(*P£«. 

fc, BuEra»«S:ffi»i"S«*Klfe*fc, «FEra»«o 
dWaStJS^fc q«tKil^tr»£tdt»l«R£? 

jo afc, fuEd. q«t«9E»^2:mEm}nfliomsEtftu«' 

Srfc fciwd qN«E»m±dtl, ffi«aajM&3«rfr 

. oTS5»mffi».*tefe*j*i-s d q M«sisffii»^afc . 

WEnffl«o»fi«ffifc«iftrs»iB«ffi*t36*a fc , 
*^awo*wic j: o -c^* *fflEi^xiia*>RiBmfiE fc 

jn^RfimstsuEtasftis^-y/ufcd^ssE^ffltti 

89Eraffl«oK5«as»ca<5v^-c«jEraffl«o*^«5 

©±#»tf ttE*^«^o||«l-l5 C-CHuE^^«c75tti 

fc, tt£ntta*Btti-s*AKSi«2:. «rEra«*w 
afc, miE d > q«nx»^feimn»«9*«ttuit 

JO $r^b fc Iw d q MWEM«1t*&J& ffi*Ktt«a<:f? 
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U 

**&EBJ5!«o«je«E & 5 

»oT2fc««BE»*«*ft*1-6d qitlMtlM 
fc* ll«E2aaE«ffi»*»A»bl»E«**aWO^l7-* 

«iB«EE«ft^a^J: 9ttEB*!«o«jBWE*r** 
U 

5WEnjW*©Rfi«£Ei:ffl*«>»«Sr**.*ffl«*6* 
^S-^v^ril9EBM«o*^«5^»IKSrtta U 

[0 0 0 1 ] 
[0 0 0 2] 

2 9 1 5 -ett«»«o«jaE. m^^ ^ic^gir^^^^ 

fcfcq*MME»*I q *^^WLt^5o 
[0 0 0 3 ] 



(3) 4#Bf]^ 11- 1 8 4 9 6 

4 

hm*-c\z&-o. 2%/*C, **^at5Et?-0. 1% 

[0004] ^t^gs^/j^, m&mki-ziz#>\z % m 

[0005] 

tit, m^i* i::fs« £ mmm(D *^-*<d^tw, 

i«t5i 5>h5. L*>U JtBkldii^Wf, * 

[0006] dk^ttq?anfl«our±ff-^f* 5 a* * 

*5#*.e>JxS 0 L*>U ro*JSttJMfc*-rtT5 will 
[0 0 0 7] ffi*. *^K^SBffl«<Dffl*fc5v^± h 
JO [0 0 0 8] *^«^aB3H«S:«x.fc«Sl 

trff 5 w fc 5m**«>«»aS«Sr»«i-* i t *r 
[0 0 10] 

WEB^«€rfflZ»1-S«*aB»», B^a^dfim 
&fToT#aE«EES*ttVu *. Vv*. Vw*. £<b 
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[0011] **n0fb4>W*tt* «rlB»fi«EE«S^ 

[0012] *5BMoffio«F»{i, m&m*m.&mtt 

m^tm^Id*, I q *£«tt1-* 
[0 0 13] *BB0feO*Mtttt« «att«* 

ot*t?i lifter JM8£>SS£«EE t J&£tf>B8« 
[0 0 14] *JBWfcJ:Jxtf, Jf3£Rjg«jBE£:?&K*f2£ 

[0 0 15] *fc % *^&?affilfflttfc<ft&fettftXI: 
J8it S B JH«o«5aflE±#& V*^«5o»«*r Wit 
JditJtL-C; B*««*©tt«W*»«trfrJ£fc#-e 
#*. 

[0 0 16] 



(4) flPBBSpl 1 - 1 8 4 9 6 

^fflg4^ffl^RU J lS^fflS 6 otttfjinfi-^T P W 
[0 0 17] li^f^ifiSl Hi, T^ir/u-<* 

«r»*1-* J: 5 «c«J»i-5. «ib«S!lffliSg 5 l±, 

= 3 4: a^S^tli^ 4 (OBARtfmattftBH 6 <7> 

;o St-rs d q n*sbm*hhb& , »ie^ici^v> 

T-f 2 «rMtt1-& PWMfgfSr^tS PWM 

«*4jsJMMB*t«*."CV^S. -<W<— ^2tt, 6fiO'< 
(IGBT) fc*'<I7-»^fca«Bfc»fc3H 

[0 0 18] *Mt7an)llltlMlo«K(j:^ /<yf 
*BBH»Wti9a*&»>v<-* 1 Otr^LTfiW&SJx 

[0 0 1 9) 821:, *£tWffanjn*IUI l o«W»Sr 
f?5 5 o»»«iB^ny^BI*r*-r. « 

Iia^g5it 3/2««jft?&2 0 2, I d I q 
«a»J(W^a2 0 4, 2/3*B*|ft^a2 0 6, PWM 
M*M! 2 0 8 &t«fttt*»^a 2 10, afcftft £3^9: 
2 l 2 SHU*. TV* 5. »K«Jf^&2 12©A*«tt, 

ttac v n - y 3 KlffltflMfcatftB^ A 4 Idg^ $ ixT v > 
30 So *IIMMffttK5llSbl:: % I qMf©2 2 4R 
0 s I d fW»^« 2 2 6 tf*«IE»*»*^* 2 2 0 ^ 

[0020] mshmmmmm. s n**:, ^m^mmm 
«ts«i <oa^«a«S:«^i-5K5«asitfi#a2 3 

^2 4 2, »^««*JClCISfcB*«iESr-J-5Jg* 

*t jE^a 2 4 4 &<£t*m&m.gtffim^& 2 3o^t 

V^o «*J8LK«je^& 2 3 2il % qtt«JEJB<fr«Vq 

ffi«r»»i-5R«WE*3t^a2 3 2 1 4:. ^<0*i£R 
^/U2 3 2 2 $rt!i;L-CV^„ 

[0021] 7k^g£7SBffl%«» 9 1 , ik^m^mn 
mm^m i ^ma«iiiffl»SB s t mm*. m*umt&& 
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(5) 



&m¥*l 1 - 1 8 4 9 6 



8 



20 m 



[o o 2 2] mmm®mmwis\z&\,^x. h^tftmm 
izmm-tz *%&mm<Dm^m i q*#> b^tm^x 

d^mm<om^mi d*t>, h^m^itrM**: 

015^ t\z, I d»?^©:2 2 
<t9(CUT, mt^JftlgglCcfcttS Id, i qf-y 
;U2 2 4, 2 2 6H, h^^Jt^ tMO tlel^Srti 

k\zm®&wmzm*tstizmmmi*mi q* . id* 

[0 0 2 3] 3 / 2*Bffia2ESI^a 2 0 211 mmtkm 

§i e -ettB LfcHi&aiisfco 3 3 / 2 n<D 

5 e r^b^titiffil d, Iqt^tld*. Iq** 
fcfcilw, I d I q«»©J»^«2 0 4f4, ttlWfeSV^ 

M:tt:mi»»KMfPAa«rfTV\ mEEJg^filv d*. V 
q*$rgffii-^o 

[0 0 2 4] SfelC, 2/3fBClft¥S2 0 6ld*5V^ 
2/3«Offi«St*«rffV^3.*B«««ffi»*«VU 
* , VV*. VW* £gmi-5o PWMHWS2 0 8 
(IwO^jEJg^ffiVU* , VV* , VW* d^E^^f 

1 lcPWMSOW$ttfcfl:EESrBl»i-Sw ^J-«t 5, mtb 
ttVSKtfttSKtt^ttl q* . Id* \z—3k-fZ>£?\zffl* 

:M=Pn [ {E0+ (1- 
fcfcTU Pnli^ft, pliLqi:Ld(7)lt, E 0 ttRjg 

[0 0 2 9] (1) SUc^T, fiiZZBlWiWJHh*' 

&2iRttyT** % sxhA'* bWttlnx^z. 30 
[0 0 3 0] «»«^©BI»DfBE— 3St U £ 
^«tLfch^»ttlt B5fc»i\fc3fc4fi, IQjn 

£>5„ :o«tpl: (D 5£tf>pri*i J:f? t*#v^iS!55S 

Vd=Xq - I q - r 1 • I d 

Vq =E0+X d • I d+ r1 • I q 

ri i, 

Vd=Xq • I q, Vq = E0+X d • I d 

Sfeic, eo= v q - xd • id fcfts. ^★TH»Di-s. tw-e* I 



[0 0 2 5] 2/3ffl«ft«iS2 0 6, 3«/2 

t§ME&£&^fU: 202 0«R8*«a-CttAi-*ffi4Sft 

e i n % tt^ss^ 2 i o ic^-c. mtba 1 o«e 
«EEtraffifflo«#tm^saffifi!riBttaig4. ess 

[0 0 2 6] w<OK8lffl[««ttJ»4COa*«*i«»a 

mat 1 1. »fi«BEEoic#i-a % «;ttttMfl>sB5rt 

!3560fi:tS^ e 1 G>«fc«B««:B 3 ffi*B«»tt. 
A^a-^3^</u^1t«-«rK«1-SffifBn]r^ft2 1 

[0 0 2 7 ] *:<7>£:£<7}mi!>8ll h'HBfrB'4 I- 

K»**sr»5fc«>o i q* t i d* ^±5, mm 

tt£*fi 5 ( 0 = t a n - 1 ( I d * / I q * ) ) -CW 
£ft5 e 4*5, Jt^.ftflOS2pjSttBl3^-t-t O^FA 
1?fc9. IOt0»At«IPSJXTV^t!ltI lfrflfctft 

[0 0 2 8 ] «»aiom^3 h/u^tt (1) 5£-C^£ix 
5 0 



[0 0 3 3] CwT, Vqli, flllMltl5AO 
iff^fVq *, Xdlil/3 0 Omin-ca^bLfe ^^mSEOIOli, 
B*B*rffiV*S. I dttJB^ttl d *Srfflv^5 a [0 0 3 5] 

[0 0 3 4] RSBEEOtt* nXHttODCHk^HsML ★ 
E010= EOx (0,3000/0) r) 

E010= (co3000/o)r) X { (VBO/VB) X 
= k1 • V q *- k2 • X d • I d * 
(5) Stfcfcv^ HJE»^«[Vq *^K»«£EVB-e 



p) Ldldl Iq] " (1) 

<fc 5 4ltff a C*«itt4CMVIb*tu&. 
[0 0 3 1 ] ftli, «IHioaK1t1RBI«Ponf1iCrB 6 

[0032] mmmnmjZs t«©»*a:»4Raiw35%t 



• (2) 
- (3) 

ligmJEEO^, 4#^cOlE]$n^:o) 
1/30 OminTSU£<b£Kfc 



(4) 



Vq*- Xd 



Id*} 

»• (5) 
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9 

\C7F-tVq * t Lt^twi:^l5o ^fcs (5) 5£ 
E010SrSg-rSo 

[0 0 3 6] 8£^a£*t^J£ 2 3 2 Ji. 
^2 3 2 lT-#fcfc*£^jgmBEE010tagte£x 
-^2 3 2 2(D^^t5^^STMG$rtigi-5o 

[0 0 3 7] ^fcs (a) Kfi^i&g^te&B^ 

m>®)mmmmr^<* hn-Ek (t>) ic^^g^nm^ 

EIK&l^T, Xd, Xqlid q$4^^f-y^^-C% Xd 
= W f Ld, Xq= w f Lq-C^^il, EJ8IC^1-«fc? 
id, L dll I d^V>^^^#^<b-f— St* 9 , Lqll 

i q las £-<:«'>-*- a. 

[0 0 3 8] H7IC$5V*-<\ «^ffl*Ji#lc:J:9E0O> 
E0lO«k5twRfi«JEE*s«^i-*, *r*U£#o"C* X 

»«xjE*5«*-r5(vio>vn). ^ois*. 

ttU ffl^ h/t^OT**-*-*, *--c\ (5) <7>*gg5$; 
let t-J< ««»jBXffiE010^6>ffl**S^-^Sr 
*fiRLT«^a*TIIG«r«tSUT, Id, IqOifi?: 

[0 0 3 9] :w«t9l:, **9itt. K^fflKTMGoSE 
ffclc#5H»«<Dm**M*r* X«»^«l d*> Iq 

[0 0 4 0] «;&a#ffi«^®: 2 3 4 tt, El 

9 0»ft^Dy^Bi^^i-j: 3fc, I diilr-^2 

3 4 1, I q««f-^2 3 4 2 S:iliTV^ e w*t 
bldt«f-^2 3 4 1 , Iqifir-y/U2 3 4 

dqttss^ia^id*, i q 

[ 0 0 4 1 ] H 1 0 . lltt, tt^&KMfltMlff 9fto 
Id, I qf-^of-^o-MSr^to 01 00 I 
d^-70Wi, «7&ft}tS1tTIIG2: h/H7JB«-|t«a 
fit t MO «rA*-r*wfclw«fc!K X8KJB4MttI d*eoffi 

«aa*636ttTMGi: h/u^JB^«ffiS«[ t MO SrA^t-f* 
ClfclcJ:!^ X«»^*I Q*0«««ftKq^H5)Jl 

[ 0 0 4 2 ] El 1 2 fc. WffaafKC^ft 2 3 2 lei: 
0. 3 2 2*JBlr**:ltt7aX0«£ 

[0043] X»«©*MMML =rtaSTM2 

t«S«^fafl[TMGOSr»UV^(iai 2©(1)i LT, 
aflEfltfc^— 7^2 3 2 2«r*!SL"C»fcE020(IBl 2 
CD(2)) t (5)^T^£i5U^E010$rtt:ftLr, E020=E 

010d*e>«^aaTMGlS:*SS-fS. (IBl 2<D(4))C: 



(6) 1 1 - 1 8 4 9 6 

JO 

raffl«ro»^a«jw*«^isv^ot*s. u/c^o 

**W*>*»fcJ:*Uf, Ell 3lw^i-«tp{c, Hgg 

©«5aft^Kfbi-it«Lfctt»fta«*t«4«fT*., = 
raaE*»?>o***«teit^<-c, tu* h/u^©««n»ae 

[0 0 4 4] **woteoiiftt»Kfc 5«^aft*ss^ 

StUT, Ell 4^i"J:ptz(5)^:-Cfftt3UfeE010 
tm^m&l 0 OlCO8|jBX£EEO1OO4:0>M:(Ell 40 

[0 0 4 5] Ell 2, 1 4 a ?ttStt7aft*qfr&09flF& 
»^a*TMGMAX(C^Lfc^rt, S*^JS^2 4 
2ttV^xAf|t J h^(OS#5aS^tT9o fcU tlFftttS 
aaETMGMAXSr#*tt^. f*^A»JL»WBXflEfc 

232 2 o^(—*«i)-c**ufc«5aas «:**■*- 

5|5g9 h^^«^tM*«:}R««|jE¥A2 4 4 

20 u * & id^as*«^a 234 -ea«ffifR \ 

JMMU***2 4 2^fi^atf«rE«Lfcj&sfeiM5«:tt 
«*«. 

[0 0 4 6] 

tf^-^^bwaatrais-rafcae). *^awsim 

»«t«ifcXft*jc:teit5BJII!*<oK^aK±#«rtt 

[0 0 4 7 ] «6«fc J:*u«*fc* 39c^tt7&m»l««r 
50 «*fcX«*lw»«t6BM«w«5ffl*-b||.RtJ«*^* 

. [BBOfllll&Ka] 
[Ell] ^SMO-jSlftW^ttsaSXV^^ASrffllit^: 
Xft*offiBv'^7 fc A««ia o 

[®2] BioxttatfH«P3saot¥Mitttt^n^^ia. 

[1213] XIWBM«PKBAA«>tt4BA 0 l. 0 2 coffin 
BMR 

[1214 ] RUnXttttotHWIti^^^^ h/HH. 
40 [El 5 ] XifrK^EPaDXEE-Si: U ii^A 0 £^ 

[El 6] «^a*U:#i-5WfiXffiE0fcffl*b/u^W 

[0 7] K^fflflCoSCftlwWi-SXMafBdfWI*^^ H 

[El 8] Id, IqfcLd, Lq<OBB«€:^i-S. 

[ei 9] ■2ic^i-it7aft4tftM«P¥KoffinM«P? f 
[Eii o] «^aa*t«fto»^ao i dT-y;Kor- 

50 ^$r^-TElo 
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(7) 



1 - 1 8 4 9 6 



lis 1 1 ] m^t^&mmmm^<D i q f-y/^f- 

[Ell 3] *%^#)^£r^1-EI 0 

[eh 4] ^xnoAoxftMoufnKnEB. 

[Ell 5] B7&A&f¥8tttt4m&t^rFSttB«ftj: 



/2 



5-"«IMMMB«* 2 0 2-3/2ffi2»m 20 
4-IdIqlSM»m 2 0 6- 2/3*BSE»^ 
2 0 8-PWMMm 2 1 

2 1 2—aaR»«k, 2 2 4-uwm 226 
'■■idn»m 2 2 o-«aE»«-x&^ft % 232- 
«^ffis*t^a. 2 3 4-m*umffi&^&. 242 
-»*s#«iH^a* 244 -«<&«jE*a 
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1 1 - 1 8 4 9 6 



[EI 2] 
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1 - 1 8 4 9 6 




141 



m 4 



[09] 

iH 9 











Vd 












. Iq* dq) 
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-Id* 


(4 0 



220 



T MO" 



fi-m*A 



224 
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Id 



226 



2341 
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ld«ft 



2342 



Kd 
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(10) 



#Bfl*Pl 1 - 1 8 4 9 6 



[1215} 

m 5 




husk*? mil 

(+ld) 



1 2] 

12 



13] 

I 13 




Tmso=Tm2 TMOt Tmgmax 

(D ® 
easias re) 



. 7 . *?55!t<nmttm 



[114] 

14 



WIB) 




Tmoo 1 0Ot Tmomax 
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